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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
waveguide type optical element which can easily 
control the phase of an interference device and 
easily acquire a desired optical frequency 
characteristic. 

SOLUTION: An optical phase shifter 11a (lib to 
1 Id) uses a refractive index change caused by an 
electro-optic effect, a photoelastic effect, or a 
magneto- optical effect without using the heat of a 
heater. Thereby, certain optical phase shifter 11a 
(1 lb to lid) vanishingly affects other adjacent 
optical phase shifters 1 la (1 lb to 1 1d). 
Accordingly, the phase control becomes easy and it 
becomes easy to acquire the desired optical 



frequency characteristic. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The waveguide mold Hght corpuscle child characterized by consisting of substrate ingredients with which it 
is a waveguide mold light corpuscle child containing the optical phase shifter which two or more channel waveguides 
adjoin at the predetermined spacing, are arranged, and comes to form an electrode on this channel waveguide, and 
said optical phase shifter has the electro-optical effect, a photoelastic effect, or the magneto-optical effect. 
[Claim 2] He is the waveguide mold hght corpuscle child according to claim 1 by whom each channel waveguide is 
being aslant connected to said connection end face in the connection end face of the channel waveguide which the 
above-mentioned waveguide mold hght corpuscle child consists of a waveguide mold Hght corpuscle child body and an 
another object of the above-mentioned optical phase shifter, and constitutes the above-mentioned optical phase shifter, 
and said waveguide mold hght corpuscle child body. 

[Claim 3] The above-mentioned waveguide mold light corpuscle child body is a waveguide mold Ught corpuscle child 
according to claim 1 or 2 who consists of a quartz system ingredient. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a waveguide mold Ught corpuscle child. 
[0002] 

[Description of the Prior Art] In the field of optical communication, two or more signals are put on the Ught of 
separate wavelength, and the so-caUed wavelength division multiplexing to which information capacity is made to 
increase is examined by transmitting with one optical fiber. In this wavelength division multiplexing, in order to 
reaUze improvement in the speed of a signal, and large capacity-ization, suppressing signal degradation, a role with 
the important technique of compensating the Ught wave length distribution which produces the gain property of the 
optical fiber amplifier connected in the relay point by the technique which carries out flattening dynamicaUy, or the 
transmission i^stem is played. It considers as the optical device which performs flattening of a gain property, and 
distributed compensation dynamically, and the adjustable gain equaUzer and distributed compensator of various 
configurations are proposed. 

[0003] A quartz system planar Ught wave circuit (PLC) is used especiaUy. A Mach-Zehnder interferometer. The 
waveguide mold Ught corpuscle child who formed the optical phase shifter in the middle of the channel waveguide 
which makes basic structure optical interference machines, such as an array waveguide grid and a ring resonator, 
and constitutes such structures By the optical phase change in an optical phase shifter, various optical fi*equency 
properties (a fi-equencyloss property and frequency-distribution property) can be reaUzed, and active researches and 
developments are fiirthered with maturation of a PLC formation technique. 

[0004] Drawing 5 is a top view which is used in order to control a fi:equency-loss property and in which showing the 
conventional example of the Mach TSUENDA mold adjustable gain equaUzer using the quartz system PLC. 
[0005] This adjustable gain equaUzer in the middle of the channel waveguide [ on the other hand / (drawing lower 
part) ] four al of the Mach-Zehnder interferometer which consisted of waveguides between the 2x2 Ught distributor 
three al of 2 input 2 output, and the 2x2 Ught distributor three a2 of 2 input 2 output, and four a2 The channel 
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waveguide five al fi-om which the optical distributor three bl to 3b4 and predetermined die-length [ every ] die length 
differ, the array waveguide mold optical multiplexer/demultiplexer six al which consisted of five a2, and six a2 are 
inserted. 

[0006] Namely, two channel waveguides 1 (la, lb) for an input formed in the substrate 9 so that an input edge might 
expose this adjustable gain equaUzer to one end face (drawing left end side) of a substrate 9, The 2x2 Hght distributor 
three al by which the input edge was connected to the outgoing end of the channel waveguide 1 for an input, The 
channel waveguide four al by which the input edge was connected to the outgoing end [ on the other hand / (drawing 
lower limit) ] of the 2x2 light distributor three al. The array waveguide mold optical multiplexer/demultiplexer six al 
by which the input edge was connected to the outgoing end of the channel waveguide four al, Two or more channel 
waveguide 5b by which the input side was connected to the outgoing end of the array waveguide mold optical 
multiplexer/demultiplexer six al, The array waveguide mold multi/demuUtiplexer six a2 by which the input side was 
connected to the output side of channel waveguide 5b, The 2x2 light distributor four a2 by which one input edge was 
connected to the outgoing end of the array waveguide mold optical multiplexer/demultiplexer six a2, Two channel 
waveguides 2 (2a, 2b) for an output formed so that an input edge might be connected to the outgoing end of the 2x2 
hght distributor three a2 and an outgoing end might be exposed to the other end side (drawing right end side) of a 
substrate 9, It consists of channel waveguide 4b connected between the outgoing end (drawing on) of another side of 
the 2x2 hght distributor three al, and the input edge (drawing on) of another side of the 2x2 Ught distributor three a2, 
and a heater 8 formed so that a part of channel waveguides 4b and 5b might be covered. 

[0007] The optical phase shifter is constituted from this adjustable gain equahzer by the channel waveguides 4b and 
5b and the heater 8. 

[0008] Input signal light is distributed to the channel waveguide four al of both Mach Zehnder interferometers, and 
4b. It is separated spectrally for every wavelength by the array waveguide mold optical multiplexer/demultiplexer six 
al, one signal Ught receives a phase change by the intermediate optical phase shifter, and it is again multiplexed by 
the array waveguide mold optical multiplexer/demultiplexer six a2. This multiplexing Ught and the Ught which 
passed channel waveguide 4b interfere each other, and it outputs fix)m the channel waveguide 2 for an output. 
[0009] Here, by adjusting the current impressed to each heater 8, the phase of signal Ught can be adjusted, an 
interference condition can change for every wavelength, and various optical frequency properties can be reaUzed. 
"Integrated WDM dynamic power equaUzer withpotentially low insertion loss" according to C.R.Doerr and others 
about this circuitry, lEEEPhoton.TfechnoI.Lett., Vol.10, No. 10, and pp.1443- it is stated to 1445 and 1998 in detail. 
[0010] Drawing 6 is the top view showing the conventional example of a transversal mold adjustable gain equaUzer. 
[00 11] The channel waveguide 1 for an input formed in the substrate 9 so that an input edge might expose this 
adjustable gain equaUzer to one end face (drawing left end side) of a substrate 9, The 1x5 light distributor 3c 1 which 
distributes to five the signal Ught which connected with the other end (drawing right end) of the channel waveguide 1 
for an input, and the input edge inputted, Five channel waveguides 5c 1 from which an input edge is connected to the 
outgoing end of the 1x5 Ught distributor 3cl, and predetermined dielength [every ] die length differs, MachZehnder 
interferometer 21 of two or more zero-order actuation connected to the outgoing end of the channel waveguide 5c 1, 
The 5x1 light distributor connected to the output side of the channel waveguide 5c2 fix)m which an input side is 
connected to the output side of Mach-Zehnder interferometer 21, and predetermined die-length [ every ] die length 
differs, and the channel waveguide 5c2 (the I/O side of the 1x5 Ught distributor 3c 1 is formed on the contrary.) It 
consists of 3c2 and channel waveguide 2 for an output formed in the substrate 9 so that an input edge might be 
connected to the outgoing end of the 5x1 Ught distributor 3c2 and an outgoing end might be exposed to the other-end 
side (drawing right end side) of a substrate 9. 

[0012] Mach-Zehnder interferometer 21 3d of 1x2 Ught distributors of five 1 input 2 outputs formed in the center of a 
substrate 9 1, Five 2x1 Ught distributors formed on the substrate 9 so that it might counter with 1 3d of 1x2 Ught 
distributors (the ON appearance side of 1 is formed on the contrary 3d of 1x2 Ught distributors.) each 1 [ 3d2 and ] " 
x2 light distributor 3dl and every a part of two or more pairs channel waveguide 5e inserted among 2 3d of 2x1 
Ught distributors, and each channel waveguide 5e -- a wrap -- it consists often heaters 8 arranged like. The optical 
phase shifter consists of forming a heater 8 on channel waveguide 5e of this Mach-Zehnder interferometer 21. 
[0013] By adjusting the current impressed to the heater 8 on Mach-Zehnder interferometer 21, the ampUtude and 
phase of the Ught which passes each channel waveguide 5e can be adjusted to coincidence. Output Ught is expressed 
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with the Fourier series which use as a component the amphtude and phase of the Ught which passes each channel 
waveguide 5c2, and can realize various optical frequency properties by adjusting the current of each heater 8. 
[0014] Drawing 7 is the top view showing the conventional example of a lattice mold adjustable gain equalizer. 
[0015] This adjustable gain equalizer has composition which carried out the series connection of the Mach'Zehnder 
interferometer, and serves as the same circuitry as the lattice filter used abundantly as a digital filter. 
[0016] Namely, two channel waveguides 1 (la, lb) for an input formed in the substrate 9 so that an input edge might 
expose this adjustable gain equalizer to one end fece (drawing left end side) of a substrate 9, The 2x2 light distributor 
three al of 2 input 2 output with which the input edge was formed in the outgoing end of the channel waveguide 1 for 
an input, An end 5f of two channel waveguides connected to the outgoing end of the 2x2 light distributor three all, 
The 2x2 light distributor three a2 by which the input edge was connected to the outgoing end of 1 5f of channel 
waveguides, An input edge 5f of two channel waveguides connected to the outgoing end of the 2x2 Ught distributor 
three a2 2, The 2x2 Ught distributor three a3 by which the input edge was connected to the outgoing end of 2 5f of 
channel waveguides, and an input edge 5f of two channel waveguides connected to the outgoing end of the 2x2 light 
distributor three a3 3, The 2x2 Ught distributor three a4 by which the input edge was connected to the outgoing end 
of 3 5f of channel waveguides, Two channel waveguides 2 (2a, 2b) for an output formed in the substrate 9 so that an 
input edge might be connected to the outgoing end of the 2x2 light distributor three a4 and the other end might be 
exposed to the other-end side (drawing right end side) of a substrate 9, It consists of six heaters 8a-8f formed on 
channel waveguide [ 5f / l-5f ] 3, respectively. The optical phase shifter consists of forming 8f from heater 8a on 
channel waveguide [ 5f / l"5f ] 3, respectively. This adjustable gain equaUzer can reaUze various optical frequency 
properties by adjusting a heaters [ which were formed on the Mach-Zehnder interferometer / 8a-8f ] current. 
[0017] "Synthesis of coherent two-port lattice-form optical delay-Une circuit" according to L.Junguji and others about 
the circuitry of this adjustable gain equaUzer, and J.Lightwave Technol., Vol.13, No.l, and pp.73- it is stated to 82 and 
1995 in detail. 

[0018] Also in which configuration, the current impressed to a heater can be adjusted, the phase change of the Ught in 

an optical phase shifter can be adjusted, and a desired frequency-loss property can be reaUzed. 

[0019] 

[Problem(s) to be Solved by the Invention] By the way, in the conventional adjustable gain equaUzer and conventional 
distributed compensator using the quartz system PLC, there was a method of forming a heater on channel waveguide 
as mentioned above, adjusting the current impressed to a heater as the phase adjustment approach, and adjusting 
generation of heat of a heater. This approach uses the refractive-index change by the thermooptic effect of a quartz. 
[0020] However, by this approach, in order to use for a phase change the heat generated from a heater, heat is spread 
in many cases to the waveguide and other optical phase shifters other than an optical phase shifter. 
[0021] If spacing (spacing of channel waveguide) of the optical phase shifter which specificaUy adjoins is set to about 
1mm or less, the effect of heat will arise between adjoining optical phase shifters. When spacing of an adjoining 
optical phase shifter is 1mm or less and the amount of phase fluctuation of the optical phase shifter concerned when 
heating the heater of an optical phase shifter is made into 100%, the amount of phase fluctuation becomes 10% or 
more, and it becomes impossible for example, for the optical phase shifter which adjoins the optical phase shifter 
concerned to also disregard the effect of the heat between adjoining opticsd phase shifters. 

[0022] Thus, when waveguides other than the optical phase shifter of a request of the heat generated at the heater 
are heated, refractive-index change wiU arise and a phase change will also produce the waveguide which constitutes 
the optical phase shifter also except a desired optical phase shifter. Therefore, there was a problem that the phase 
control in an interference machine wiU become difficult, and it wiU become difficult to acquire a desired optical 
frequency property. 

[0023] Then, the purpose of this invention solves the above-mentioned technical problem, and is to offer a waveguide 
mold Ught corpuscle child with the easy phase control in an interference machine, and easy acquiring a desired 
optical frequency property. 
[0024] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, two or more channel waveguides 
adjoin at the predetermined spacing, and the waveguide mold Ught corpuscle child of this invention is stationed, and 
it consists of substrate ingredients with which it is a waveguide mold Ught corpuscle child containing the optical 
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phase shifter which comes to form an electrode on channel waveguide, and an optical phase shifter has the 
electro-optical effect, a photoelastic effect, or the magneto-optical effect. 

[0025] In the connection end face of the channel waveguide and the waveguide mold light corpuscle child body which 

the waveguide mold light corpuscle child of this invention consists of a waveguide mold hght corpuscle child body and 

an another object of an optical phase shifter in addition to the above-mentioned configuration, and constitute an 

optical phase shifter, each channel waveguide may be aslant connected to the connection end face, 

[0026] It is desirable that the waveguide mold Ught corpuscle child body of the waveguide mold hght corpuscle child of 

this invention consists of a quartz system ingredient in addition to the above-mentioned configuration. 

[0027] Since according to this invention an optical phase shifter does not use the heat at a heater but the 

refi:active-index change by the electro optical effect, the photoelastic effect, or the magneto optical effect is used, most 

effects which a certain optical phase shifter does to the optical phase shifter which others adjoin can be disregarded. 

Therefore, phase control becomes easy and it becomes easy to acquire a desired optical firequency property. 

[0028] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained in full detail based on 
an accompanying drawing. 

[0029] Drawing 1 is the top view showing the gestalt of the 1st operation of the waveguide mold light corpuscle child 
of this invention. In addition, the common sign was used for the same member as the conventional example. 
[0030] This waveguide mold Ught corpuscle child is a Mach TSUENDA mold adjustable gain equahzer, it used to be 
formed on the substrate with which the 1st waveguide mold hght corpuscle child body (left-hand side of drawing) 
differs fix)m the 2nd waveguide mold Ught corpuscle child body (right-hand side of drawing, respectively, and the 1st 
and 2nd waveguide mold Ught corpuscle chUd bodies used to be connected by the optical phase shifter (center of 
drawing) which consisted of ingredients which have the electro-optical effect. 

[0031] The 1st waveguide mold Ught corpuscle child body inserts the array waveguide mold optical 
multiplexer/demultiplexer six al in the middle of one channel waveguide four al of a Mach-Zehnder interferometer. 
Two channel waveguides 1 (la, lb) for an input formed in substrate 9a so that it might expose to one end face 
(drawing left end side) of substrate 9a which an end becomes fi:om a quartz, The 2x2 Ught distributor three al by 
which the input edge was connected to the other end of the channel waveguide 1 for an input. The array waveguide 
mold optical multiplexer/demultiplexer six al by which the input edge was connected to the outgoing end [ on the 
other hand / (drawing lower Umit) ] of the 2x2 Ught distributor three al, PluraUty formed in substrate 9a so that an 
input side might be connected to the outgoing end of the array waveguide mold optical multiplexer/demultiplexer six 
al and an output side might be exposed to other-end side 22of substrate 9a a (it is not Umited although it is five by a 
diagram.) It consists of channel waveguide five bl and channel waveguide four bl formed in substrate 9a so that an 
end might be connected to the outgoing end of another side (drawing on) of the 2x2 Ught distributor three al and the 
other end might be exposed to other-end side 22of substrate 9a a. 

[0032] It is formed the channel waveguide four bl and near the outgoing end of five bl so that it may become 
perpendicular to end-face 22a of the other end of substrate 9a. Moreover, the channel waveguide four bl differs firom 
the die -length [ every ] die length predetermined in five bl. 

[0033] The 2nd waveguide mold Ught corpuscle child body inserts the array waveguide mold optical 
multiplexer/demultiplexer six a2 in the middle of one channel waveguide four a2 of a Mach-Zehnder interferometer. 
PluraUty formed in substrate 9b so that it might expose to one end-face 22b of substrate 9b which an input side 
becomes from a quartz (it is not limited although it is five by a diagram.) The channel waveguide five b2 and the 
array waveguide mold optical multiplexer/demultiplexer six a2 by which the input edge was connected to the other 
end of the channel waveguide five b2, The channel waveguide four a2 by which the input edge was connected to the 
outgoing end of the array waveguide mold optical multiplexer/demultiplexer six a2. The 2x2 Ught distributor three a2 
by which one input edge (drawing under) was connected to the outgoing end of the channel waveguide four a2, The 
channel waveguide four b2 by which it was formed in substrate 9b and the other end was connected to the input edge 
(drawing on) of another side of the 2x2 light distributor three a2 so that an end might be exposed to one end-face 22b 
of substrate 9b, It consists of two channel waveguides 2 (2a, 2b) for an output formed so that an input edge might be 
connected to the outgoing end of the 2x2 Ught distributor three a2 and the other end might be exposed to the 
other-end side (drawing right end side) of substrate 9b. 
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[9034] It is formed the channel waveguide four b2 and near the input edge of five b2 so that it may become spacing 
equal to spacing by the side of the channel waveguide four bl of the 1st waveguide mold Ught corpuscle child body, 
and the other end close attendants of five bl perpendicularly to end-face 22of substrate 9b b. Moreover, the channel 
waveguide five b2 differs firom the die-length [ every ] die length predetermined in five a2. 

[0035] Substrate 9ca which consists of hthium niobate (LiNb03) which is an electro-optics crystal as an ingredient 
with which optical phase shifter 11a has the electro-optical effect. It consists of channel waveguide 7a formed so that 
it might become spacing by the side of parallel and the channel waveguide four bl of the 1st waveguide mold hght 
corpuscle child body, and the other end side 22a close attendants of five bl at equal spacing at a substrate 9ca top, 
and electrode 10a formed on channel waveguide 7a, respectively. 
[0036] Next, actuation of this waveguide mold light corpuscle child is explained. 

[0037] The signal light inputted into the channel waveguide 1 for an input is distributed to two by the 2x2 hght 
distributor three al of a Mach-Zehnder interferometer (1st waveguide mold light corpuscle child body), and passes 
along two channel waveguides four al and four bl. 

[0038] Among two channel waveguides four al and the signal light which passes along four bl, one signal light is 
separated spectrally for every wavelength by the array waveguide mold optical multiplexer/demultiplexer six al, and 
a connoisseur inputs the channel waveguide five bl into each channel waveguide 7a of optical shifter 11a, respectively. 
A phase change is received by optical phase-shifter 11a, it is multiplexed by the array waveguide mold optical 
multiplexer/demultiplexer six a2 through the channel waveguide five b2 of the 2nd waveguide mold Ught corpuscle 
child body, and the signal light which passes along channel waveguide 7a is inputted into the 2x2 light distributor 
three a2. 

[0039] The signal Ught of another side among two channel waveguides four al and the signal Ught which passes along 
four bl After passing along the channel waveguide four bl of the 1st waveguide mold Ught corpuscle child body, a 
phase change is received by optical phase shifter 11a. It passes along the channel waveguide four b2 of the 2nd 
waveguide mold Ught corpuscle child body, it inputs into the 2x2 Ught distributor three a2, interferes with the signal 
Ught fi*om the array waveguide mold optical multiplexer/demultiplexer six a2, and outputs firom the channel 
waveguide 2 for an output. 

[0040] Here, a phase can be adjusted by adjusting the electrical potential difference impressed to electrode 10a 
formed on channel waveguide 7a of each optical phase-shiffcer 11a, an interference condition can change for every 
wavelength, and various optical cycle properties can be reaUzed. 

[0041] Since this waveguide mold light corpuscle child's optical phase-shifter 11a does not use heat but the 
refiractive -index change by the electro-optical effect is used, most effects which certain optical phase shifter 11a does 
to optical phase-shifiter 11a which others adjoin can be disregarded. The effect on the optical phase shifter which 
specifically adjoins even if it brings spacing of an optical phase shifter close to about at least 100 micrometers checked 
the smaU thing to the extent that it could be disregarded. Therefore, phase control becomes easy and a desired optical 
fi'equency property can be acquired easily, moreover, since spacing of an optical phase shifter is boiled markedly and 
can be narrowed, a waveguide mold Ught corpuscle child's miniaturization can also be attained to coincidence. 
[0042] Drawing 2 is the top view showing the gestalt of the 2nd operation of the waveguide mold light corpuscle child 
of this invention. 

[0043] This waveguide mold Ught corpuscle child is a transversal mold adjustable gain equaUzer, and consists of 
optical phase shifters (center of drawing) which use as a substrate LiNbOB connected like the waveguide mold Ught 
corpuscle child who showed drawing 1 between the 1st [ which uses a quartz as a substrate ], and 2nd waveguide 
mold Ught corpuscle child bodies (both sides of drawing), and the 1st and 2nd waveguide mold Ught corpuscle child 
bodies. 

[0044] The channel waveguide 1 for an input formed in substrate 9a so that an end (drawing left end) might expose 
the 1st waveguide mold Ught corpuscle child body (left-hand side of drawing) to one end face of substrate 9a, It is N (it 
is not Umited although it is five by a diagram.) two or more about the signal Ught which connected with the other end 
of the channel waveguide 1 for an input, and the input edge inputted. The IxN Ught distributor 3cl to distribute and 
the channel waveguide 5cl of N book with which an input edge is connected to the outgoing end of the IxN Ught 
distributor 3cl, and predetermined die-length [ every ] die length differs, 3d of 1x2 light distributors which distribute 
to two the signal Ught which connected with the other end of each channel waveguide 5c 1, and the input edge 
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inputted 1, It consists of 2-N channel waveguides five el formed in substrate 9a so that an input edge might be 
connected to the outgoing end of 1 3d of 1x2 Ught distributors, respectively and the other end might be exposed to 
other end side 22of substrate 9a a. 

[0045] The 2-N channel waveguide five e2 formed in substrate 9b so that an end might expose the 2nd waveguide 
mold light corpuscle child body (right-hand side of drawing) to one end face 22b of substrate 9b, The 2x1 light 
distributor which multiplexs the signal fight which connected with the outgoing end of the channel waveguide five e2, 
and the input edge inputted (it forms so that the ON appearance side of 1 may become opposite 3d of 1x2 light 
distributors.) The channel waveguide 5c2 of N book with which an input edge is connected to the outgoing end of 2 3d 
of each 2x1 Ught distributor, and predetermined die-length [ every ] die length differs, The Nxl Ught distributor with 
which it connects with the outgoing end of the channel waveguide 5c2, and an input edge multiplexs the signal Ught 
of N individual (it forms so that the I/O side of the IxN light distributor 3c 1 may become opposite.) 3c2 and an input 
edge are connected to the outgoing end of the Nxl Ught distributor 3c2, and it consists of channel waveguides 2 for an 
output formed in substrate 9b so that an outgoing end might be exposed to the other-end side (drawing right end side) 
of substrate 9b. 

[0046] It is formed so that it may become spacing equal [ spacing / in / it is perpendicular to end-face 22of substrate 9b 
b, and / waveguide end-face 22b of the channel waveguide five e2 ] to spacing in waveguide end-face 22a of the 
channel waveguide five el of the 1st waveguide mold Ught corpuscle child body near the input end-face 22b of the 
channel waveguide five e2. 

[0047] Optical phase-shifter lib consists of substrate 9cb, channel waveguide 7b formed so that it might become 
spacing in other end side 22a of the channel waveguide five el of paraUel and the 1st waveguide mold Ught corpuscle 
child body, and equal spacing on substrate 9cb, and electrode 10b formed on channel waveguide 7b, respectively. 
[0048] One zero-order actuation Mach-Zehnder interferometer 21 is constituted by making into a lot two Ught 
phase-shifter lib which adjoined 2, and the channel waveguide five el and five e2 3d [of optical distributors ] 1 or 3d. 
[0049] The same effectiveness as the waveguide mold Ught corpuscle child who showed such a waveguide mold Ught 
corpuscle child to drawing 1 is acquired. 

[0050] Drawing 3 is the top view showing the gestalt of the 3rd operation of the waveguide mold Ught corpuscle child 
of this invention. 

[0051] This waveguide mold Ught corpuscle child is a transversal mold adjustable gain equaUzer, used to form two or 
more optical phase-shifter 11c in nine cc of substrates which become two waveguide mold Ught corpuscle child bodies 
which used the quartz as Substrates 9a and 9b Uke the gestalt of operation shown in drawing 1 , the 1st and the 2nd, 
firom LiNb03, and used to connect with them by the waveguide end faces 22a and 22b. 

[0052] The channel waveguide 1 (la, lb) for an input formed in substrate 9a so that an input edge might expose the 
1st waveguide mold Ught corpuscle child body (left-hand side of drawing to one end face (drawing left end side) of 
substrate 9a, The 2x2 light distributor three al by which the outgoing end of the channel waveguide 1 for an input 
was connected to the input edge, 5g of two channel waveguides formed in substrate 9a so that an input edge might be 
connected to the outgoing end of a 2x2 Ught distributor, die length might differ and an outgoing end might be exposed 
to other-end side 22of substrate 9a a. Two channel waveguides 5il formed in substrate 9a so that an input edge might 
be exposed to other-end side 22of substrate 9a a, The 2x2 Ught distributor three a2 by which the input edge was 
connected to the channel waveguide 5il, An input edge is connected to the outgoing end of the 2x2 Ught distributor 
three a2, it is formed in substrate 9b so that an outgoing end may be exposed to other-end side 22of substrate 9a a, 
and it is turned up by substantially V-shaped (on drawing), and the abbreviation mold for J characters (under 
drawing), and consists of 1 5h of two channel waveguides from which die length differs. 

[0053] With two channel waveguide 5 i2 formed in substrate 9b so that an input edge might expose the 2nd 
waveguide mold Ught corpuscle child body (right-hand side of drawing) to one end-face 22b of substrate 9b The 2x2 
Ught distributor three a3 by which the input edge was connected to the outgoing end of channel waveguide 5 i2, An 
input edge is connected to the outgoing end of the 2x2 Ught distributor three a3, and it is formed in substrate 9b so 
that an outgoing end may be exposed to one end-face 22b of substrate 9b. 5h of two channel waveguides fi:om which it 
is turned up by the abbreviation configuration for J characters and (on drawing), and the **** type (under drawing), 
and die length differs 2, Two channel waveguides 5i3 formed in substrate 9b so that an input edge might be exposed 
to one end-face 22b of substrate 9b, The 2x2 Ught distributor three a4 by which the input edge was connected to the 
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outgoing end of the channel waveguide 5i3, An input edge is connected to the outgoing end of the 2x2 light distributor 
three a4, and it consists of two channel waveguides 2 (2a, 2b) for an output formed in substrate 9b so that the other 
end might be exposed to the other-end side of substrate 9b. 

[0054] Spacing in waveguide end-face 22b of channel waveguide 5 i2, 5h2, and 5i3 is formed so that it may become 
equal to spacing of 5g of channel waveguides in the waveguide end face 22 of the 1st waveguide mold light corpuscle 
child body, 5il, and 5hl. 

[0055] Optical phase-shifter 11c consists of nine cc of substrates, channel waveguide 7c formed in nine cc of substrates, 
and electrode 10c formed on each channel waveguide 7c. Spacing of channel waveguide 7c is formed so that it may 
become equal to spacing of 5g of channel waveguides in waveguide end-fece 22a of the 1st waveguide mold Ught 
corpuscle child body, 5il, and 5hl. 

[0056] The same efifectiveness as the waveguide mold light corpuscle child who showed such a waveguide mold light 
corpuscle child to drawing 1 is acquired. 

[0057] Drawing 4 is the top view showing the gestalt of the 4th operation of the waveguide mold light corpuscle child 

of this invention. 

[0058] Although this waveguide mold Hght corpuscle child is a Alach TSUENDA mold adjustable gain equalizer and 
has the same circuitry as the gestalt of operation shown in drawing 1 , it is characterized by the channel waveguide 
5jl, 5j2, 5kl, 5k2, and 7d inclining to the waveguide end faces 22a and 22b in the waveguide end fiaces 22a and 22b. 
[0059] That is, in the connection end face with the 7d [ of channel waveguides ], 1st, and 2nd waveguide mold Ught 
corpuscle child bodies with which lid of optical phase shifters was formed, in order that each channel waveguide 5jl, 
5j2, 5kl, 5k2, and 7d may prevent reflective return Ught, it connects aslant to the connection end faces 22a and 22b. 
[0060] 7d of about 5 degrees of channel waveguides of 9 cds of substrates which consist of LiNb03 incUnes to the 
normal of the waveguide end faces 22a and 22b, and the channel waveguide 5jl of the substrates 9a and 9b which 
consist of a quartz, 5j2, 5kl, and 5k2 [ about 7.5-degree ] incUne to the normal of the waveguide end faces 22a and 22b. 
With LiNbOB and a quartz, since refractive indexes differ greatly (about 2.14 quartz is about 1,45 for LiNbOS), 
Fresnel reflection arises in the waveguide end feces 22a and 22b. Therefore, to 0 degree 22a and 22b, i.e., waveguide 
end faces, the reflected Ught from the waveguide end faces 22a and 22b wiU guide [ the channel waveguide 5jl, 5j2, 
5kl, 5k2, and the include angle to the normal of the 7d end faces 22a and 22b ] the channel waveguide 5jl, 5j2, 5kl, 
and 5k2 as it is perpendicular, and the reflective return Ught as a component wiU become large. 

[0061] Then, the channel waveguide 5jl, 5j2, 5kl, 5k2, and 7d were made to incUne to the normal of end faces 22a 
and 22b, and reflective return Ught is prevented so that the reflected Ught may not combine with the trapped mode of 
the channel waveguide 5jl, 5j2, 5kl, and 5k2. 

[0062] In addition, the same effectiveness as the waveguide mold light corpuscle child who showed such a waveguide 
mold Ught corpuscle child to drawing 1 is acquired. Moreover, invention concerning the gestalt of this 4th operation is 
applicable also in the waveguide mold Ught corpuscle child who showed with the gestalt of the 2nd and the 3rd 

operation. 

[0063] Here, as for an optical phase shifter, it is desirable to constitute from an ingredient which has the big 
electro-optical effect. As an ingredient, compound semiconductors, such as a ferroelectric crystal, an InP system, and 
a GaAs system, a polymer, etc. are mentioned other than the above-mentioned LiNbOS. Moreover, the ingredients 
(for example, Xtal, ZnO, etc.) which have a photoelastic effect other than the ingredient which has the electro-optical 
effect, and the ingredients (for example, YIG (yttrium iron garnet) etc.) which have the magneto-optical effect may be 
used for the ingredient of an optical phase shifter. 

[0064] The waveguide mold light corpuscle child of this invention is available in the adjustable gain equaUzer used for 
an optical multiplex transmission system, wavelength dispersion and a polarization distribution compensator, a good 
Ught variation filter, a Ught wave length multi/demulitiplexer, an Add/Drop filter, etc. 
[0065] 

[Effect of the Invention] In short, according to this invention, offer of a waveguide mold Ught corpuscle child with the 
easy phase control in an interference machine and easy acquiring a desired optical frequency property is above 
reaUzable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the top view showing the gestalt of the 1st operation of the waveguide mold Ught corpuscle child of 
this invention. 

[Drawing 2] It is the top view showing the gestalt of the 2nd operation of the waveguide mold light corpuscle child of 
this invention. 

[Drawing 3] It is the top view showing the gestalt of the 3rd operation of the waveguide mold Ught corpuscle child of 
this invention. 

[Drawing 4] It is the top view showing the gestalt of the 4th operation of the waveguide mold hght corpuscle child of 
this invention. 

[Drawing 5] It is the top view which is used in order to control a frequency-loss property and in which showing the 
conventional example of the Mach TSUENDAmold adjustable gain equahzer using the quartz system PLC. 
[Drawing 6] It is the top view showing the conventional example of a transversal mold adjustable gain equalizer. 
[Drawing 7] It is the top view showing the conventional example of a lattice mold adjustable gain equahzer. 
[Description of Notations] 

1 (la, lb) Channel waveguide for an input 

2 (2a, 2b) Channel waveguide for an output 

Three al, three a2, three bl to 3b4 Optical distributor 

Four al, four a2, five al, five a2, 7a Channel waveguide 

Six al, six a2 Array waveguide mold optical multiplexer/demultiplexer 

9a, 9b, 9ca Substrate 

10a Electrode 

11a An optical phase shifter 



[Translation done.] 
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^■S. ) i . X:fjmi^2 X 1 :)fe^Se^3 d 2<Dtiit)m 

(1 xN7fe^ieS3 c l©AUi;^ffliJ*5JS*t(c/d:SJ;^ic 
mf&LtciiO'Cik^. ) 3c2«b> A:;bmiNxi3fc^ 

isiis c 2©tii;^«fcjtiK2n, ]iit>m-f}mm9h<Dm 

[0046] ^^^)im^^5 e 2©A;'J^a2 2 b© 

iSimictmm9b<D^m2 2b(,cMLtmm.-c$><o. f-t- 

^Jl-^i^SgB e 2©*2gaS«SM2 2 b Cctel^^faPi^. 
» 1 ©ai?«^8SM3yg^*<*©^ f *>'l'#jg?BS5 e 1 ©^ 
iimmm2 2 a{c*5W€,ra|iili#C/l^ia|lSfc^c-5J:5K: 

[0047] ^mSt^y a' 1 1 b Sfie9 c b i, » 
«9cb±CC^tf. *^omi©«igSS^^*^:$:f*©5^ 
f 4'Ol^jS?gS§5 e 1 ©fte4S®2 2 a(c4bHf ^P^pgi^L 

^^i^jvmmsi b<D±ic^ti^tim^stifcmmi o 

[0 0 4 8 ] 7t;^iSS3 d K 3d2<b. ^^'^)l'mm. 
K5el. 5e2i. PSU/c 2 '3©5t:{4tBi>7 1 1 
b >&—m.t or, 1 o© 0 iJOtt^'^v -'A • i > 

tt2 i*5^^$nros<. 

[0 049] C ©J; ^ ^cai®8§M7lc^^CC*jt,»-r feia 1 

[ 0 0 5 0 ] la 3 «*^w©z»^g8gM^fe^^^©^3 ©ii 

[0 0 5 1 ] :*:»ig8§M7t^^» ^•7>X.'^'-■t^J^MpJ 

5IS*»«9a, 9 b iL/c2o©||lRWfm2©i»?!g 

ffSS93t^^*^i. L i Nb03/&^6/j:-5a«9 c cCC 

«i!(©7tMffli^7^ 1 1 cimis.L. mm^mm2 2 

a. 2 2 bTSML/cfe©-C*-5, 
[ 0 0 5 2 ] 0 1 ©»i^a^lR^*«£ (0©&1M) 

», a«9 a<o-:fj(D^m m-va:&mm) i>cxt)m^ 
mmr6J:^icm^9 aicmmstifcxt)m^^'^}im: 
umi (la, 1 b) t, x^mi.cxt>m^**fmm 
mi<Dmt)i^*mm$tifc2x2ytmi^3 ai x 

0 . mt)mi)mm a ©fiii:^©4sss2 2 a (csm-r €)<fc 

^fC»«e9 a(C0fiR3n/c2*©9^i'*>il/#jSaiS5 g 
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7l£^iBS3 a 2 i> A:b4SS*i2 x 25fe^igg3 a 2(Dm 

tjmcmm^ri. mt>mi)mm9 8i<Dm;(omm2 2 a 

[0 0 5 3] ^2©J»i«^ssM7feig^^*{* (laoaffiij) 
«, At)^y)mm.9b(D—y;(Dmm2 2h(,cmm-r?>j: lo 

^icStSQ b(c0fiS5nfc2:$:©9^f ^;U*<g8S5 i 2 
i. 7ot»JSS*«^i'*-'l'»?g?8S5 i 2<Dttl;^iSfcjgi^$n 
fc2x27fe»KS3a3i. At)mi 2 ^ 2 ^mi^ 3 
a 3 ©t±J:^^(CSi^ ? n, tt};^^*5a« 9 b (D—1j<Dm 
®2 2 b(cStH-r€>J:^6cS«9 btc^^^^n. Bgj:?: 

ocDifflij) so'Bs^M m<Drm) ictfT*)&$ 

n. S3©^)^cS2*CD5^ + *;b^jg^8§5h 2i. A:tl 

mtim^9 b©-:^<DJSffi2 2 bfcsuj-r-sjc^ccs® 

9 btcff$^3n/c22|c©9^ + 4^-'l'»iffi3§5 i 3i. A;:*: 
^*S5^i.*;i'zgSae5 i 3©ai;^«gcc«i^$iifc2x2 20 
3t^Beii3a4<i:. A;'3ffi*52 x 27^^82113 a 4©m 
;tjSSfcg^i^3n. ftbia*sK«9 b©^te7^©^ffi^csa•r 
4<l:^{caS9 b{cj^^$n/c2*©tB;^ffl5^-f :^;u^ 
m52 (2a. 2b) iTltsK $ tiri»S, 
[0 0 5 4] ^^i-^oUji^g^SgS i 2. 5h2> 5i3© 

mm.^mm2 2 b(c*st:tsraiig». m 1 ©^j^ssM^fe* 

^^:*:(*©^^fi^^i^B 2 2 {C*jW 4 5^ 1- ^ ^l/^jgSS 5 g . 
5il. 5h l©raPi5i^L.<JS*«fc^CC?^fiR3tlTl» 

[0055] 5tefiiffli^7 1 1 c »«9 c c <b. a 30 

)vmm^7 cifcffM 3 n/cm® i o c ix-m^^nx 

m^:^ii^<Dmm.^^m 2 2 a ic *j ^ ^ ;^ 5 

[005 6] CCD J:'? tj:mm.f&m^m^ici6i,^x i>m 1 

(C^ b /c^i^SSSM:>t«^^ i laI4i©5S!l**W 6 n S . 

[0057] S4»:4c|6W©j»ig^3fe3R^©»4©|| 
ife©f$gS=5:/T^-r¥ffi0-C*-2>= 40 

[0058] ^m^^m^m'lf-it-? • x > d^SioJ 

^*m^{bS-C* 0.01 (C^ L/cll«fe©Ji5fililBl«© 
lBllS«fiR*WT'2>*s. *jS58*Sffl2 2 a. 2 2b {C*il,» 

r^i-^^Jl/^iSSSS j 1. 5j2, 5kl. 5k2. 7 
ci;!)i^j^SSSg®2 2 a. 2 2 b tC>FtLri®i4L'TC>-5C 

[0 0 5 9 ] ruiois. ytim'^-y ^ 1 1 d A^jf^^jg^n 

/c5^ f ^^l-^i^SS? dim RO'll2 ©«i^S§M76S^^ 

*(*i©Si^gp«B(cfci^r. S5^•^'^^;^»i^a^S5 j 

1. 5j2. 5kl. 5k2. 7 d*iS«S?«3?t*Ki5± 50 
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r€)/c«>Si^g|5^ffi2 2a. 22b {C)»tLTMi?){Cgi^ 

$nrii-5©r*^„ 

[0 0 6 0] Li HhO>iPhtii,W&L9 c d©5^ + * 
Jl'^i^lS 7 d «a»a^88*Sffl 2 2a. 22b ©S^fCSt b 
*^5' 5^3&>6^c-5Sffi9a. 9b©9^f4^;P 

Slifi?SS5 jl. 5j2. 5kl. 5 k 2 W«-S?S§JgE 2 
2a. 2 2 b©££^(C^L/t:^^7. 5° ffl$4b-CtiS, 
L i N b O, iSISi X\%WSxW-KfS < mUhlc^ 

<LiNb03»*^2. 14.53I«*^J1. 4 5 ) . ^> 
jg8S^ffi2 2a. 2 2 b{C*Jl^T:7U^;l/JSS^*5^D 
«£-7T. =}-^^)Vmm^b j 1 s 5 j 2. 5 k 1 . 
5 k 2. 7d©^ffi2 2a. 2 2 b©B6ISW:*f-r-2)fte 
A50- . -r^i:to^«igS§^M2 2 a, 2 2bK*tL'aa: 
-r*^i. *i«?!giSffi2 2 a. 2 2 b;5>6©JgS^7t*5 9=• 
•^'^>'^#•<SSS5 jl. 5j2. 5kl. 5 k 2^:2^^?^^ 
L/. sg-?^iLr©JSSifM»5^*S;*c*<)^j:orL*^. 

[0 0 6 1 ] -eCT. 5^-i'^OU^jgiK5 j 1 . 5 j 
2, . 5kl. 5k2, 7d^^B2 2a. 2 2 b©'^ 
i^CC*tL/-C<«l43-l+. S*f3t*s?-f ^oU«j^8S5 j 1. 
5j2. 5k 1. 5 k2©J»jg*-K{C*g^U^cC>J:^ 

[006 2] ^c*s. C©J;'5^c^ig?SSM?fe^^CC*j(,ir 

1 «:7i^L/c^^l^!58SM**^^<^:l5I«©J9!I«*5^»6n 
S. */c. C©||4©||Jfe©JfJJ!i(C^toS^?aW. 02 
RD^IgS ©IISfe©ff$g|-e^Kb/ci»igiSS[3fe^^K:*jl»-C 

[0 06 3] CC-C. ^fi[ffl->r?^»». A*^c«^5fe^ 

Xit. mmOL i NbO,©flfeK. ?^i§«<$i|iS^. I n 
PJ^^G a A s ^^©{t^!K5#i»{*. 

[0064] :^^B^©^i^S§^5feS-7-t*. T^^Seil^i^ 

:9-«(fiBmiff. Bi^7fe7^;u^. ytm&-^^mm. Add 

/D r o p 7 ^ ;l'5f^«:fiJfflpIli8-C**, 

[0065] 

[3%H^©^»] W±St--5.(c:*ffeHj{cJ;ti«. T*^(C 

[HI] *ffeB^©eiiffis§s?^^^©m 1 (ommmm^ 

[02] *l6l9©«?«^ISM3^^©l^2©||SS©?f$g|* 

[03] ^mm<Dmm&m.%m^<om3<Dmm<D^im^^ 



u 

[04] ^mM(Dmmmi^m^<om4<Dmm(omf&=s: 
[05] mim-m^'mi^Pim-r^fci^icmi.^^ti 

[0 6 ] h 'yiyT.j^-^yvMoimmmmayu^m^ 
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*1 (la. lb) Xtim^^ ^' ^ 
2 (2a. 2b) \!itim'f-^^)VM'6m 
3al. 3a2. 3bl~3b4 it^i2g 
4al. 4a2. Sal. 5a2. 7a + 

6 a 1 , 6 a 2 T U rmm&m^^^m^ 

9a, 9b, 9 c a atg 

10a 

1 1 a ^mfii^-y ^ 
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